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linear format, injected-beam crossed-field amplifier (IBCFA) for
electronic warfare. The IBCFA should be capable of power output
of 1000M peak, 20CW average, between 8.5 and 17 GHz with 20dB
gain. A laser-cut shaped-substrate meander line is used.
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20) :The performance objectives for E/F band CFAs include
3kW peak pulse power output and lkW average power output,
20dB gain, 2-4GHz, for electronic warfare; and 2kW peak
pulse power output at 10-15% duty, 25dB gain, 3.0 to 3.6
GHz, for phased-array radar.

The first E/F band tube built on this contract showed per-
formance at low duty substantially like the previous CFA
built with a Taser-cut substrate when tested under elec-
tronic warfare conditions, and in addition performed well
at 33% duty. For the phased array conditions, gain was
too low. A second E/F band tube, buiit with a Tonger cir-
cuit to increase gain, failed when the substrate cracked
and separated from the ground plane.

An 1/J band tube was built and tested. The sequence of
construction of the circuit with laser cut substrate was
revised to reduce breakage, and was demonstrated success-
fully. However, performance was poor primarily because
of excessive RF losses in the circuit... Future efforts
will require a review of the factors causing high RF
Tosses.
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SECTION I
INTRODUCTION

The effort in this program was directed toward the
development of a high-power broad-band low-cost I/J-band
linear format crossed-field amplifier (CFA) for electronic
warfare. A laser-cut shaped substrate meander line circuit
is used. In addition, E/F-band CFA's of similar construction

were built which can be applied either to electronic warfare

or phased-array radar.

The laser-cut shaped-substrate meander circuit, a concept
originated by ERADCOM personnel, is potentially a major cost
saving measure, replacing a set of 80 or more individual
insulators with a single part. Furthermore, the individual
insulators for I/J-band would be so small as to be impractical.

The objective specifications for the E/F-band operating

model for electronic warfare are as follows:

Frequency 2-4 GHz
Peak Power Output 3 kW
Average Power Output 1 kW
Efficiency 35%
Gain 20 dB
Cathode Voltage 7 kV

RF Input Impedance 50 ohms.

The phased array objectives are as follows:

Frequency Range 3.0-3.6 GHz
Peak Power Output 2 kW

Duty 10-157%
Pulse duration capability 100usec
with grid pulsing

Grid cutoff voltage 1 kV max
Efficiency (incl. heater) 30% min
Gain 23 dB min
Line-to-sole voltage 10 kV max
In-band power variation = 0.5 dB
Input ‘output connectors Coaxial

Production cost objective

31,000 max

| N




Frequency Range
Peak Power Output
Average Power Output
Efficiency

Gain

Cathode Voltage
Input Impedance

currently, I/J-band cold test models with

observed, especially after brazing.

to those built previously.2 In the first,

from the previous design, and performance

not observed before, is considered correct

To overcome the fragility problem of

t3

The performance objectives for I/J-band are as follows:

8.5 ~ 17 GHz
1 kW

200 W

30%

20 dB

8 kV, max

50 ohms

In previous programs for ERADCOM, the shaped-substrate
concept was demonstrated successfully in E/F-band devices.

The first embodiment of this concept incorporated simulated

1

shaped substrates made up of individual ceramic insulators.
This work was then followed by the construction of E/F-band

IBCFA's incorporating laser-cut ladder-shaped substrates, where
the resulting electrical performance was comparable to that

observed in IBCFA's of conventional construction.2 Con-

laser-cut substrates

were built and tested. In I/J-band, the most serious problems

were the fragility of the substrates and the high RF losses

The E/F-band tubes for the present program were similar

there were no changes

characteristics were

similar. In addition, this tube was operated successfully at
33% duty. The second E/F-band tube, with the circuit a little
longer to increase gain for the phased-array mode, failed at

test because of a substrate bonding problem. This problem,

ible.

I/J-band substrates,

a different sequence of operations was undertaken. The sub-

strate was bonded to the co-expansive ground plane before laser




cutting. After some refinement of the laser-cutting procedure,
substrates suitable for I/J-band operating tubes were successfully
laser-cut. Operating performance was poor because of high

circuit losses. The substrate was still very fragile at the
corners where RF connections were made to the input and output.

At these locations, the substrate is not supported by the

ground plane.

The laser-cut shaped-substrate meander circuit has been
demonstrated to be viable at least in E/F-band. 1In I/J-band,
the realization of successful meander circuits must still
overcome the primary problem of circuit losses which is not
vet understood, and also must overcome some problems related

to the small size of the structures.




SECTION II
INITIAL STATUS

2.1 Technology

A major part of the effort on the previous contract

[2] was the development of the necessary technology for
fabricating the laser-cut shaped substrates, and for the
assembly of the substrate with the co-expansive ground
plane and the meander circuit. The general concept is
shown in Figure 1. It was found to be necessary to

metallize the blank ceramic coupon before laser-cutting.

Since the laser (COz) will not cut through copper, the
metallized layer was etched in a meander pattern on one

side, and laser cutting was performed where the metallizing

was etched away. The resulting ladder-shaped substrates
are quite fragile. It was possible to cope with E/F-band
substrates by handling them with great care, but the
breakage rate of I/J-band substrates was extreme. Some
preliminary experiments showed that it was possible to
laser-cut the I/J band substrate after it was bonded to
the co-expansive ground plane. In principle, what happens
is that the beam from the CO2 laser cuts through the BeO
ceramic, but is reflected by the copper surface of the
ground plane. The reflected energy is scattered to an
extent that its intensity is too low to melt any more BeO.
Preliminary experiments were performed in which slots were
cut in biank pieces of BeO ceramic, 0.C06" thick, bonded to

a co-expansive ground plane. After some adjustments cf

e
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the laser settings, the quality of the slots cut appeared

quite satisfactory. This experiment did not take into
account the effect of the metallized meander p& "tern which
would be present in an actual substrate for a meander circuit.
However, the work pointed the way for further efforts of this
kind.

Bonding of the substrate to the co-expansive ground
plane was satisfactory provided that the composition of the

ground plane material is 685 tungsten, 32% copper by volume.

2.2 E/F-Band CFA's

Two E/F-band CFA's with ladder-shaped substrates have
been built and tested. The first showed peak power, effi-
ciency, and bandwidth comparable with a CFA of conventional
design, Northrop's RW-619. Results are shown in Figure 2.

The second was apparently limited in peak power output
by RF arcing. Such arcing was observed not only when the tube
was operating, but alsc when RF power was fed in from an
external source. When this tube was disassembled for inspec-~
tion, it was found that the ceramic which supports the lead
from the input window to the meander circuit had broken loose,

evidently from inadequate brazing.

2.3 I/J-Band Cold-Test Models

The two I/J-band cold-test models were scaled from the
ZRADCOM E./F-band design, using a scale factcor of 4/17 with

re

U

pect to bar width so that the expected f{requency correspond-

ing o 907 phase shift per bar was aboutr 14 CGHz. The pitch
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was further modified so that the delay ratio would be about
12 at this frequency, a value considered appropriate for
operation at a cathode voltage of 8 kV. Using these scale
factors, pitch was 0.018", and to maintain the same pitch-
to-thickness ratio the thickness should be about 0.006".

The first cold test model was made with an unmetallized
substrate 0.010" thick. The substrate was cemented to a
ground plane and a photo~etched meander circuit was cemented
to the top. Greater dispersion than desired was observed, as
expected from the greater substrate thickness. Losses, on the
basis of dB per delayed wavelength, were approximately as
expected on the basis of surface resistivity increasing as the
square root of frequency.

The second cold-test model was made with a metallized
substrate 0.006" thick, which was bonded to a co-expansive
ground plane, and a photo-etched meander was then bonded to
the substrate. Losses were much greater, and the delay ratio
was much greater. The reasons for these differences from the
first I/J-band cold-test model and from the E/F-band circuits
were not clear at the time. The difference in delay ratio was
subsequently accounted for by a new method of computer analysis
developed under Air Force support3 and summarized in the
Second Interim Technical Report of this contract (Report
DELET-TR-78-2981-2). The increase in losses was only in part
accounted for by this computer analysis. It now seemed possible

that the brazing process somehcw adds to the losses.




SECTION III

E/F-BAND TUBES

The first E/F-Band CFA in this program was built using
the same length circuit as those previously built. Test
results for the electronic warfare mode (1.5A peak beam
current) are shown in Figure 3 for both 10% duty and
337% duty. Operation at 335 duty was quite uneventful.
At 33% duty, mid-band power was slightly less than at
10%, perhaps because the sole voltage setting favored
the lower end of the mid-band segment (2.6 - 2.8 GHz).
From 2 to 2.6 GHz, power output was strongly dependent
on RF drive power. Power output as a function of RF
drive in this frequency range 1is shown in Figure 4.

For the electronic warfare mode, the results show sub-
stantially the same power output and efficiency at mid-
band as the previously built CFA of this design, the

first ever with a laser-cut substrate, for which results
were shown in Figure 2. At the high frequency end of

the band power output and efficiency in the present

CFA are better, and thev are not as good at the low-
frequency end of the band. Because cf defects in brazing,
the previously built E/F-band CFA was not tested at

full duty of 33%.

Results for the phased-array mode are shown in
Figure 3. Magnetic field and applied voltages have
been reduced to optimize performance at the lower power
Level., Even so, gain is too low as indicated by the

curvz=s in the {igure for different RF drive levels.

'
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Data from the previously built E/F-band CFA also showed
the need for increased gainz. It was therefore concluded
that the circuit length should be increased, for performance
both in the 2-2.6 GHz range in the electronic warfare
mode and also in the phased-array-mode.

The second E/F-band CFA in this program incorporated
a circuit six bars longer than before. Thermal tests
of the circuit were the best yet measured. (Thermal
tests are made by passing 30 to 40A through the meander
circuit, 60Hz, with the base block cooled, and measuring
the temperature difference between the meander and the
ground plane by thermocouple.) After exhaust, this
tube was not operable at all because of severe arcing.
When this tube was opened for examination, it was found
that the last cross bar of the ladder-shaped substrate,
at the output end, had broken off and separated from
the ground plane, causing a break in the meander as
well. In addition, there was a line of cracks, which
were not disabling to the functioning of the meander
circuit, in the cross bars over the half of the substrate
toward the output and about 1.8" from the edge. The
last bar of the substrate evidently broke off during
the exhaust and bake-out cycle where it was subjected
TO a maximum temperature cf 500°C. During the bonding
cvele, the same assembly had been supjected to temperatures
up to 1050°C while constrained by the rixture. This
Kind of aroolem has not been encountered before. Possibdle

corrective measures inciude eoxtending the grcund plane
:3




slightly farther lengthwise beyond the ends of the sub-
strate, and also further investigation of the ground
plane material. Appropriate experiments on mock-ups

of these assemblies are needed.




SECTION IV

I1/J-BAND TUBES

4.1 Technology

The most crucial aspect of the I/J-band tube develop-

ment is the technology of fabricating the meander circuits.

During the course of the present contract, a revision

in the sequence of operations for construction of the
meander assembly was implemented. It had been found
almost impossible to handle the laser-cut ceramic sub-
strates of I/J-band dimensions through the various opera-
tions necessary to construct the meander assembly without
breakage at one step or another. There was difficulty

with the E/F circuits because of fragility, but this

was of manageable proportions.

In the revised sequence, the ceramic substrate
is vonded to the ground plane before laser cutting but
with the meander pattern already formed by photo-etching
on the side opposite that to which the ground plane
is attached. Laser cutting in this sequence is possible ;
because the beam generated by thne CO2 laser cuts the
3e0Q ceramic effectively, but is almost totally reflected
by the copper surface of the ground plane and stops cut-

rinz when it reaches the ground plane. For this pro-

cedur2 to work properiv, 1t 1s necessary that when the

Ta=er Deam hits bortom ¢ aii the wayv through the

[
(@]




BeO), no copper is moved. Such a requirement depends

upon the laser light which strikes the copper being
reflected in a diffuse manner such that it does not

cut any more BeO. Further, it is necessary that when
cutting the BeO close to the copper that whatever copper

is evaporated by conduction from the hot BeO recondenses

on the BeO to such a small extent that it does not adversely
affect the insulation qualities of the freshly cut BeO
surface.

Establishing an adequate vendor to perform the
laser cutting presented some unexpected problems. The
requirements included (1) equipment, (2) experience,
and (3) flexibilitv. Critical items with respect to
equipment included not only an adequate CO2 laser, but
also an x-y table of sufficient accuracy, viewing optics
tor location, and proper focusing of the laser beam.

A lens of 1.3" focal length on a Coherent CO2 laser
produces a spot size of 0.002" to 9.003" diameter while

2 lens of 2.5" focal length produces a spot size of

N.004" to 0.005" diameter. The smaller diameter is

guite advantageous for I/J-band structures, where the
groove width mayv be as small as 0.007". Two vendors,
Lasermation, Inc., of Philadelphia, and Laser Services,
Inc. of North Billerica, MA, were used previously. Laser-

mation lacked flexibility because of their substantial

production volume. Laser Services did not have an X-y
rable ! sufficient aceuracy. Calv Laser Services
1sed the 1.3 rocal length lens. A numoer of other

s
¥




possible vendors were contacted, and found to be deficient
in experience and/or equipment. Eventually Laser Services
acquired a very accurate X~y table, making it possible

for them to perform the work necessary for I/J-band.

The sequence of steps finally adopted for making
the I/J-band meander circuit is the following:
(1) Metallization of blank ceramic coupon
(both sides). Coupon may be large enough
to make several meanders.
(2) Photo-etch meander pattern(s) on one
side.
(3) Cut coupon to final size of individual
substrate(s).
(4) Bond to co-expansive ground plane.
(5) Laser cut.
{(6) Add copper meander circuit.
In the course of performing the laser cutting,
the distribution of beam intensity over the cross section
of the spot was found to be a factor. The top portion
of Figure 6 illustrates the distribution of light intensity
12s a function of position. The result was that the
=dges of the cut were ragged, and it is necessary that
they be sharp at the edge of the metallization. To make
the beam sharper, an iris was made and inserted into
~he opt:ics tH sharpen the edges of the beam. With

“he improved beam sharpness, three meander circuits

y¥ere laser cut successfully afrter the zubsirates were
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bonded to the ground plane. Two were usable in operating
tubes, and one was not because a corner of the ceramic
broke off where it was unsupported by the ground plane
in the area provided for input or output connection.
The iris did not improve the laser cutting when tried
with substrates not bonded to a ground plane.

An effort was made to simplify further the con-
struction procedure. A sheet of copper is bonded to

one side of the substrate after metallizing, and then

the etching process removes both copper and metallization
to form the meander. It was expected that such a procedure
would eliminate the need for the add-on meander. Results
were disappointing. After laser cutting, the edges of

the copper meander (0.001" thick) were not well defined,
and it was considered necessary to add on a photo-etched
meander in the same manner as without the added sheet

of copper. One of the two good laser-cut meander circuits
was made this way.

The ceramic-to-metal bending in all of these cases
depends on sputter metallization, which consists of a laver
of titanium about 230 Angstroms thick, a laver of molv-
bdenum, and a relatively thick layver of copper.4’5
The moivbdenum serves as a barrier laver to keep the
copprer from gettinag into the zrain boundaries of the BeO
ceramic, which has Leen observed o cccur at Temperatures
»2 the viciaity »f 100407C.  The btornding >7 -he metailized

Jeramic To the 2ogper Ls oaccemplished ov o coprer-Io-coppe

3




diffusion at high temperature and under pressure. The re-

sult is an interface which adds very little to the RF losses.
For 1/J-band, the molybdenum layer is kept to a thickness

of 3000 Angstroms or less to avoid excessive contribution

to the losses (6]. The copper layer is typically 10,000
Angstroms or more.

4.2 Cold-test Results

In this section we are summarizing the cold-test measure-

ments made on the present contract and also on the previous

contract to provide as complete an over-all picture as
possible. Results are included for three different models
made specifically for cold tests, and for the operating
I.J-band CFA as well.

The first I1/J-band cold test model to be built had
an unmetallized BeO substrate 0.010" thick which had a
pitch of 0.018". The substrate was cemented to a base,
and a photo-etched meander was cemented on top. In this
model, as in all of the others made Zor cold test only,
input or output matching was rather simple-minded, consisting
only of a wire bpetween the meander and an OSSM connector.
There was at each end of the circuit a copper dblock with
an =dge parallel to the first (iast® meander bar which
ccuid be adjusted in position to improve the match. In
this model, the matching was at best onlyv fair. It was

aQowever possible To make a direct measurement oi attenuaticun.= 7

« 2vno
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Even without good matching, phase velocity is easily
measured by the length of standing waves.

Cold-test models No. 2 and No. 3 were constructed
with substrates of the same dimensions as the first except
that the thickness was reduced to 0.006" to reduce dis-
persion. These assemblies of ground plane, substrate,
and meander line were bonded together by copper-to-copper
diffusion after Ti-Mo-Cu metallization. Model No. 2 was
inadvertently bonded together with the side of the substrate
which was metallized all over facing the meander. The
meander was brazed on, and the excess metallizing then
removed by etching. The etching process did not greatly
affect the dimensions or the appearance of the meander,
but the results, notably the high attenuation observed,
were a little suspect. Model No. 3, with the same dimensions
as No. 2, was therefore built and tested. An initial set
of tests was performed without the meander added, the circuit
consisting of only the meander pattern etched in the metallized
surface, where attenuation was very high. Tests were repeated
after adding a photo-etched copper meander 0.003" thick.
There was a crack in the substrate about the middle of
the circuit, but it was possible to taxke this discontinuicy
fully into account in making the measurements. Matching
of botn of these models was poor, and attenuation measurements
depended on the Q of resonances which were intentionally
introduced Dy loose external coupiiag at one =2nd and ac

loup.ing at the other.

1o
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The fourth set of measurements presented here consists
of the cold-test data on the operating CFA, where the pitch
was reduced to 0.014" with a substrate 0.006" thick. This
circuit had been made by laser cutting after bonding to
the ground plane.

Table 1 summarizes the test results for phase velocities
and attenuation. Attenuation is expressed in dB per slow
wavelength as a standard of comparison. Experience has
shown that efficient IBCFA's normally exhibit 0.25 dB per
slow wavelength or less, and that values of more than 0.5 dB
per slow wavelength lead to very poor results. In addition
to measured values, calculated values based on Reference 3
are included.

In all cases, the phase velocities agreed quite well
with the calculated values. When cold-test model No. 2
was first tested, the difference between the phase velocity
of this circuit and that of model No. 1 was much greater
than expected. However, after the computer program was
developed 3, the difference was understandable, as shown
by the calculated values in the table. The relative phase
velocity for the operating CFA, not previously reported,
is shown in Figure 7. Coupling impedance is shown in
Figure 3.

Measured attenuation exceeds calculated attenuation
oy a considerable amount in all cases except No. 2, where meas-
urements <¢ould be made oniv below 12 THz. The difference
13 much more taan observed in ESF band., The most severely
SNCessive attenuation was observed in the <ircuit or the

operiting CFA, and the attenuation decame especially severe
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as phase shift per bar approached 90°. Measured attenuation
of the circuit as first assembled is shown in Figure 9.
The very high readings for insertion loss are worsened
by very poor matching above 12 GHz. Input and output
VSWR measurements are shown in Figure 10.
Some possible causes of excessive attenuation and

suggested remedies are given below:

1) The laser cut edges of the substrate cre slightly
uneven where they meet the meander line, and
alignment of the meander line with respect to these
edges may be such that there is exposed metallizing,
i.e., not covered by the line. A corrective measure
is to let the meander line overhang the supporting

ceramic on both sides.

8%

There mav be some residual molybdenum on the
exposed faces of the substrate at its edges. The
copper etchant does not remove molybdenum. The
corrective action is more diligence in molybdenum
removal., Also, consider whethor the extremely
thin titanium laver (only a few hundred Angstroms
thick) causes a problem.
3) Determine whether a trace of copper penetrates
the molybdenum barrier layer during bonding,
thus increasing dielectric losses. Is the
sputtered molybdenum layer trulv ccontinuous?
4. The ilnsulating properties of the cut edge of the
substrate may ne degraded by laser cutting after

bond:ing o -he zZround plane. Corrective action
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is to laser cut before bonding, at the same time
looking to new methods of handling the laser-cut

substrates to prevent breakage.

4.3 Input/Output Windows

A coaxial window design suitable for the required
output power level frequencies up to 18 GHz was designed.

The frequency limitation depends primarily on the TM,,

mode, which is excited by the step on the center conductor
necessary for impedunce matching. If this mode is cut
off, the effect oI the TM,, mode is a localized capacitance

which mav

propagacte,

be easi.y compensat

a4 serious mismatch

ed tor.

DCCUrs.

If this mode can

For the previcusly

tested window des:igned tfor an X-tand radar CFA the calcu-
fated TM,, cut-oft occurs at about 4.5 GHz, which 13 Close
10 1ts measured upper 11mit for Zood matching. In the

new design, tne cacu.ated TM,, cur-of: oeours at 18.2 GHz.
Coid-test measurements showed values of VEWR no greater

rhan 1.2 between 2 and 18 GHz. The onlv remalnlng problem

1 low vield due -« leaks at the center pin sea.. A pcssit.e
corractlve mMeasturs 15 to replace "he ~oi:1d (enter pin
mclvbdenum with tubiag.

The dimensicns ©f this windew were scated ov o4 Jaos r
SUoahcur 0.3 lrom the Coaxid. 1apdl o LuTput Ahion was deslgned
tor an X—ound JF\ T perate at LUKWEN Deak, and Nl h o whooa
Seak DOUWer Cutouts Uy nO L EKN wWerss Dserveed vith oo 1adl-

LTI D LT IuT VI IOW AT s KU L. - Cage IT1d.ent s
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for the 1kW peak required here.

4.4 Design of Interaction Space

A number of large-~signal calculations were performed
using the computer model of Cooke, Dohler and Shaw7.
A set of computations was performed based on preliminary
estimates of circuit properties based on cold-test data
from models No. 1 and No. 2, and some rough assumptions
were made as to the effect of changes of pitch and of
substrate thickness. A subsequent set of large signal
calculations was made which incorporated the results of
computer calculations of the circuit design. For each
set of design parameters, sole voltage was set at synchro-
nism, while the magnetic field, cathode-to-line voltage,
and beam current were fixed. The general conclusions
Ve re s
I Best performance when circuilt attenuation
1 relutively high ococurs when magianetic fileid
I~ lowest, with critical magner o toeld based

s C0 cutorl ass~umed o he e minLTmum 4l owabie.
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with the sole tuning, and in spite of the

higher interaction impedance and lower circuit

losses of the circuit with the thicker substrate.
(4) Pitch of 0.014" was preferable to larger values

of pitch, in spite of higher circuit losses. This

is the case because the lower beam velocity allows

lower applied voltages and higher beam current,

The final design arrived at put the applied cathode-
to line voltage at 6700 V, magnetic tield at 4800 G, line-
sole spacing at 0.040", with a pitch of 0.014" and substrate

thickness of 0.006". Beam widrth i2 all cases was assumed

to be 0.120". The oprtimum calcuiated length for the circuit

was ..8, Dut a vaiue of 1.3 was chosen based on considerable

Orevicus 2Nperlence wWhich shows that the actual smaili-

s1gnal £ain 1!s Ireater than the calculas»d small-signal

Tain.
1.5 Operar:ing Tube
Thee phivsical ~TvuCtars 0 the Sperat ing Tube was

Cdased ds 14T AN POsSLULe 0 pYC guCTIon Tubes so oas T
i CIMITO N T AT - a0l he RIS R n
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corner of the laser-cut substrate cracked at the locarion
where the output lead is connected, and where it can not
be supported by the ground plane. Great difficulty was
encountered on input and output match, as was shown in
Figure 9. The poor match is attributed to difficulty

in holding the extremely tight tolerances necessary.

With the first assembly of the operating tube, no
test data could be taken because of poor cathode emission.,
The tube was opened and the gun assembly was replaced
using a cathode supplied by a different manufacturer.,
There was some further degradation of the attenuation
by about 5dB across the band), attributed at least in
part to the fact that the circuit was exposed to material
~vaporated by the first cathode when it was intentionally
overheated 1 an ~fiors te o oget 1t to emit.

A~ woeuld Le expected Srom oa CFA with very high circuit
AT enaa ron, Surnt oand rficiencey were disappointing, and

Toe-ree owWas o citt e 1Y oanvihing byoway of perlormance abeve

PP TS U AN Some SesULT s odare shown ia Figsures 11, 12, and :13.
deccause 0 T ery o Diyh o Ccircuilt lusses, representative
SO AW AT e T rTmanoe 1S DeessiUoe 1 1og-dand JFA
Vet e d, STl e essalv oo reduce the R losses
. VLo ~l~tent o owvith o ocaroulated values,
- - : v - B P Tenund CFV's ovith luser-

j
V
1]
|
i
i
i




{
,, (VU Q0E) DL ISTa0 10y o Jaund ], GJamoq paes (/1 © (] naridig]
¥00- 5¢8/20-9G1 (W) domog aalaq N
06 ) : (N 0 01 )
A
a7 o
P
.
Cod
N !
|
{ : f
i . '
O {1 i
G 0l T oy 3
001 T
- O i
T ™ oo -
(715))Anuonboa g ‘ ;
. ssnun GLGP : : .
(Ppoyino 01 10adsoa yritm)y AY € 1
syead gy 00¢ A .
(punoad o1 190dsHa Yi1tm) AN 9° gl - . _
(punoast o3 1oadsoT YrIim) AN G- .. .m i




(VU 000) DL 1S 1 0vapy  Jo [SURTL aoMo puesy ¢/ “0f oandyg

500-GyBLZ0- 951 (M) MmO A
a6 {3} (17, (223 He (X8 (81 (), (RN 0
'S
! —p— -~ N 0
g
(00 v A
m,

Ay -

ZHD

7HN (RINEN

ZHD

7119

AN L°1 =

syeod yugog - I Sl e e , R T




i

VoD pPUB-(/1 SoAaIn) ypimpuvg ¢y oaniiyg

(Z11H) Anusnboay

L10-G¥BL20-9G1
11 ot G )
F —- + —+ - - }
VE'0 = B
MO
Y01 i
( .
V9 0 = - MOS
DOATI Y
D GLZh = 4 .
. MOT
A 1°GT- = A
Mog
. b
AY L°G6- = A ~

ROG
Ipunodn 01 109dsad yirtm soduvg{op POALI(f MY

)

- V01

007

- 008

TCCV

inding I2M04

(¥ead y>

0
“




SECTION V

SUMMARY AND CONCLUSIONS

5.1 E/F-Band CFA's

The electrical design for the E/F-band CFA with laser-
cut shaped substrate is considered sound and performance
is sustantially repeatable. The expected saving in assembly
time for the circuit was realized, and parts are a little
simpler to make as compared with the conventional design
using individual insulator bars. Operation at 33% duty
factor and approximately lkW average power output has
been demonstrated. Gain is adequate for the electroaic
warfare mode. A little greater gain is desirable for
the phased array mode, which can be accomplished by length-
ening the circuit a little. One tube which was assembled
with a longer circuit failed when the substrate cracked
and separated from the ground plane. This was the first
time for this kind of failure mode. A review of the
mechanical design for a little more margin of safety seems

in crder.

5.2 I J Band CFA

Laser cutting of substrates of dimensions suitable
for [ J band, and after bonding to the ground plane, has
been demonstrated successfully, and better laser spot size
control contricuted to better tolerances than belore,

and was essential Tor laser-cutting after the suostrate

wvas sonded <o the ground plane. The subssrate-ground




plane assembly is very strong, and is fragile only at
the corners where the input or output circuit attachment
is made. At these locations, the substrate is not supported
by the ground plane. The obstacle of good performance
ot this kind of circuit in an operating CFA was high RF
losses. Attentuation was especially high above 10 GHz,
and meaningful performance results were observed only
below 10 GHz. The substrate cracked at the corners where
input.,output attachments were made, causing high VSWR.

The small size of RF circuit parts is still a problem,
and usual techniques of input/output matching could not
ne applied. A major problem over -all seems to be the
size and c¢lumsines= of human fingers, even when tweezers

or other small toecls are used as extension of those fingers.
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SECTION VI

RECOMMENDATIONS

6.1 E/F-Band

A longer circuit than originally used in E/F band
tubes is necessary for the phased-array mode, and is desirable
for the electronic warfare mode. VMore stability in the
presence of higher gain will be achieved by adding a little
attenuation near the input.

The mechanical structure of the E/F-band tube is
fundamentally sound, but some imprcvements are desirable.
First,the mechanical relationship between the ground plane
and the substrate at each end of the circuit can “e made
a little more robust if the ground plane extends slightly
bevond the substrate. Second, further optimization of
the composition of the ground plane material to match
the expansion of the substrate 1s desirable. Third, the
method of attaching input./output connectors to the circuit
should be reviewed to make it more sturdy and more re-
producible. Finally, the design of other parts of the
tube can benefit by a desizn review to match the cost

reduction achieved in the circuit.

6.2 I J-Band

The chietf obstacle tc success in I J-band is circuit

R

Lnsses., To alleviate this problem, it is neces

.

ary to

determine the reason that the atrtenuation realized exceeds

[§

w
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the calculated value by so great a margin, a condition not
found in lower frequency CFA circuits. Some possible causes
and corrective measures were discussed in Section IV. They
included:

(1) Overhang of the meander beyond the supporting

shaped substrate.

(2) More careful etching of the meander pattern on
the substrate to assure removal of molybdenum
and titanium.

(3) Assurance of integrity and effectiveness of the
very thin molybdenum barrier layer.

(4) Laser cutting before bonding to the ground plane,

along with improved methods of substrate handling.

A further consideration is the dielectric losses in the
substrate. The loss tangent of BeUO ceramics is reported in the
literature at 10GHz (where it is low) and 25GHz (where one
source indicates that it 1is high), and not any intermediate
frequency. The loss tangent of BeO ceramic material should *»
measured at least at 135GHz.

It is also necessary to establish greater mechanical
integrity of the input./output connections to the circuit. At
the same time, it is prcobably desirable to modify the substrate
design for a little greater pitch and thickness, even though
calculated performance would not be as good.

An =2ventual objective i3 a gridded gun. Dimensions need

To De oo small for conventional grid desigzns. Recent work at

39




Northrop* has been encouraging with respect to the practica-
bility of a grid supported from the cathode with dielectric
posts. another eventual objective is to reduce the over-all

dimensions of the tube so that they are consistent with the

small size of the circuit.

Finally, to build devices of such small size success-
fully, it is not sufficient merely to put down on paper parts
dimensions of very small size as scaled more or less directly
from lower frequency bands. It is necessary to take into
account the very small sizes of parts and practical methods

of dealing with such parts and assemblies.
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